Résumé. - 
in the atomic limit to investigate the influence of electron-phonon interactions on the metal-insulator transition. This model was also considered by Ihle and Lorenz [5] to discuss the phase diagram of the ordered charge transition which can be first or second order depending on the value of the inter-and intra-atomic electron-electron interaction.
In the present work, we derive the free-energy functional of the extended Hubbard Hamiltonian using the Hubbard-Stratonovich transformation [6] (8) and its scalar version for the second term of (8) .
In that way we obtain One has the symmetry relation and using the same symmetry arguments, one has for the vectorial part
The partition function where To is the time-ordering operator needed to preserve the non-commutativity of the operators, which are now (imaginary) time dependent, can be written, making use of (14) and (16) The correspondence with the notations of reference [2] being A H y2, B H Yl, C H x2 and D H xl where a and b correspond to two sublattices. These fields express the fact that intra-and inter-atomic electronelectron interactions can induce ferromagnetic, antiferromagnetic and charge ordered states.
We develop Tr Log (1 -VGO) up to fourth order in V (second order in the interaction energies) (cf. ref. [7] ) using the Fourier transform representation with qi = (q;, Mj to include both the momentum qi and the Matsubara fermion frequencies Wi. We first consider the second order terms. The free energy is then :
where a corresponds to the vector components. The function x°(q) is the non-enhanced susceptibility and the other coupling constants are given later in appropriate units.
The coupling xl x2 is generated by the expansion of Tr log. It is intrinsic to the formalism that every field that appears in V will generate couplings. What is specific of the extended Hubbard hamiltonian is the existence of two scalar charge fields and so the possibility of having couplings in the second order term of the expansion.
In the limit Ul, U 2 -+ 0, one recovers the results of reference [1] i.e. two fields. From (24), one can see that two fields ; one charge (x2) and one spin (yl) can become soft.
3. Charge ordered state transition. -Now we are interested in studying the system close to a charge instability eventually at low temperature but not very close to T = 0. This means that it is enough to consider the dependence of constants and fields at m = 0 with respect to small fluctuations of q around the wave-vector ko corresponding to the maximum value of x°(q). Here we shall consider the case when the charge-wave density is periodic with ko = g/2 = n/a (1, 0, 0), the half lattice wave-vector. We therefore expand the susceptibility [8] . We first integrate out all the variables xl(q), X2(q), yi(q), Y2(q) with momenta greater than Ilb where b &#x3E; 1 ; we then rescale the momentum variables by b and the fields xl, X2, yl, y2 by C1, C2, C3 and C4 respectively. The choice of the Ci is made such that the coefficient of the q2-term of the soft mode x2 in the transformed hamiltonian remains equal to unity and that the quadratic coupling constants of the non-soft fields are left unchanged. Therefore
The terms x2.xl, x2.y2 transform like b-2+£, the terms x2. xi, x2.xi.y2 like b-3+£ and the terms xf, yf, x i . y2 like b -4 + E and are for that reason irrelevant after many iterations. The same argument applies to the Q 2-term in the non-soft field as stated before.
We have considered the charge ordered transition. If we use the same discussion for the ferromagnetic transition the free-energy functional has the structure with appropriate coupling constants and integrations. If one introduces the non-soft field x = X, + x2 and if one neglects Y2, which is not coupled to any other field, the functional for the soft field Y 1 reduces to that obtained in reference [1] and this is consistant with the universality principle. This point is discussed in reference [9] . 
